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Add deblock 



Add base 




Add capping 
reagents 



Add oxidizer 
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Rings around each well 
to prevent leakage 




Added Scallop to 
direct fluid flow 




(c) 



Smooth groove 
around the top 
^/edge. 
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Step Wait Time (ms) Prime? Flush? Vacuum 



0 DEBLOCK 


35000 


Yes 


No 


NOT_AT_ALL 


1 DEBLOCK 


35000 


No 


No 


N0T_AT_ALL 


2 DEBLOCK 


30000 


No 


No 


FOLLOWING 


3 DEBLOCK 


30000 


No 


No 


N0T_AT_ALL 


4 DEBLOCK 


30000 


No 


No 


N0T_AT_ALL 


5 DEBLOCK 


30000 


No 


Yes 


FOLLOWING 


6 ACETONI TR I LE_WASH 


blOO 


JMO 


JMO 




7 ACETONI TRI LE_WASH 


20100 


NO 


NO 


FOLLOWING 


8 ACETONI TRILE__WASH 


5100 


NO 


NO 


FOLLOWING 


9 ACETONI TRILE_WASH 


5100 


No 


No 


FOLLOWING 


10 COUPLE 


35000 


Yes 


No 


N0T__AT_ALL 


11 COUPLE 


35000 


No 


NO 


FOLLOWING 


12 COUPLE 


35000 


No 


Yes 


FOLLOWING 


13 ACETONITRILEJtfASH 


5100 


No 


No 


FOLLOWING 


14 ACETONITRILE_WASH 


20100 


No 


No 


FOLLOWING 


15 ACETONITRILE_WASH 


5100 


No 


No 


FOLLOWING 


16 ACETONI TR I LE_WASH 


5100 


No 


No 


FOLLOWING 


17 CAP 


30000 


Yes 


No 


NOT_AT_ALL 


18 CAP 


30000 


No 


Yes 


FOLLOWING 


19 ACETON I TR I LE_WAS H 


5100 


No 


No 


FOLLOWING 


2 0 ACETONITRILE__WASH 


20100 


No 


No 


FOLLOWING 


21 ACETONITRILE WASH 


5100 


No 


No 


FOLLOWING 


22 ACETONITRILE_WASH 


5100 


No 


No 


FOLLOWING 


23 OXIDIZE 


30000 


Yes 


No 


NOT AT_ALL 


24 OXIDIZE 


30000 


No 


Yes 


FOLLOWING 


2 5 ACETONI TR I LE_WAS H 


5100 


No 


No 


FOLLOWING 


2 6 ACETONITRILE_WASH 


5100 


NO 


No 


FOLLOWING 


27 ACETONI TRILE_WASH 


20100 


NO 


No 


FOLLOWING 


2 8 ACETONI TRILE_WASH 


5100 


No 


No 


FOLLOWING 


2 9 ACETONI TRI LE_WASH 


5100 


No 


No 


FOLLOWING 


3 0 ACETONI TRILE_W ASH 


5100 


NO 


No 


DURING 


31 ACETONI TR I LE_W ASH 


100 


NO 


No 


DURING 


32 ACETONITRILE WASH 


100 


No 


No 


DURING 
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Mask Manipulation Position 



CW 2's 2nd injection position 



! CW 2's 1st injection position 



T 3 



1 — 



Home 

(Zero position) 



IT- 



5^ 



3 2. 



End 
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~2P2 



Determine the synthesis order 
(order in which bases are to be delivered) 



ijnaskjDlacement = index for placing mask 
rmask~removal = index for removing mask 



ZO<C 



my_base = retrieve next base 
from synthesis order 




True 



End 



2/a. 



/ 




False 




True 



X 



False 



Record current (pre-mask manipulation) position 



X 



ZZC\o 



Move to mask manipulation position 
Manipulate mask 



Z 



| Return to pre-mask manipulation position 




New Position = A 



1 | New Position = B | 
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Determine CW to use for synthesis order / 
(i)CallitCW(j) 



T 



Pnme CWO) if necessary 



Tell the table to move to "new position" and 
begin "polling" the table 




True 




2 So 



,16% 



Stop polling the table 



■TA°t 



Start a wait timer (for reaction to 
occur) 



Actuate the appropriate values to 
deliver reagent from CWO) and 
start polling the table 



1 




Turn on "main" 
vacuum 




Purge CW head if necessary 



False 




± 1 



Close values to 
stop delivery 



Turn off "main" 
valve 
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Start 



r 



Retrieve ail 384 oligonucleotide descriptions 



yV 



Perform nieve algorithm calculations to determine how 
the punch a set of masks. The sequence is cyclic but 
arbitrary - we will use AGCT. my_sequence is a 2 
element array, the first element is the base, the 
second is the number of wells that need that base. 



i = 0 



do deblock 



steps ^ ^ \ 0 



Remove 



^ mask ^7*1^ 



i=i+l W- 

zt-t 
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A - 
B - 
C • 
D - 
E ■ 
F • 
G ■ 
H ■ 
I 

J • 

K 

L 

M 
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0 
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-►ooooooooo 

-►OOOOOOOOO 
-►OOOOOOOOO' 
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-►ooooooooo 

-►OOOOOOOOO' 

-►ooooooooo 
-►ooooooooo 
-►ooooooooo 



-►ooooooooo 
-►ooooooooo 
-►ooooooooo 
-►ooooooooo 

-►OOOOOOOOO' 




Start 



r 



40Z 



Read in all 384 oligo sequences 
Determine the synthesis sequence 



my_base = next base of the synthesis sequence 




Move the punches and dies home so that the mask 
that has just had holes punched in it can be removed 
and a blank one put in its place. 



i = 0 



True 




Move the table to 
table _positions(i) 



Fire the appropriate air 
cylinders 



Hoc 



End 
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A 


G 




T 


T 

1 




c 


c 


6 


A 


A 






G 




T 


T 




c 


C 


7 


A 


A 




G 


G 




T 


T 




C 


C 


8 


A 







c 


C 


2 


A 






T 


T 




C 


C 


3 


A 






G 


G 




T 


T 




C 


C 


4 


A 



A 




G 


G 




T 


T 




C 


C 


5 


A 



(a) 



(b) 
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( Start 



T 



44Z 



1 



Set up a list of all possible sequences (i.e., all permutations of A,G,C and T) 

This list is stored in the array M pq M (see figure4B 
Retrieve all 384 oligonucleotide descriptions \ 



T 



row - 0 



njirst =fNumber of wells that need the base listed in pq( row, 0) 
n_second * Number of wells that need the base listed in pq( row, 1) 
njhird = Number of wells that need the base listed in pq( row, 2) 
n Jourth = Number of wells that need the base listed in pq( row, 3) 
pq(row, 4) = 0 
pq(row, 5) = 0 




Count the number of wells that need the base listed in ( pq(row,col) ) and 

store that number in pq(row,5) 
Create the next deblock description based on the base listed in pq(row,col) 




True 



4 t£ — [pq(row,4) = pq(row,4) + 4 



i 



J 



njirst = Number of wells that need the base listed in pq( row, 0) 
n_second = Number of wells that need the base listed in pq( row, 1) 
njhird = Number of wells that need the base listed in pq( row f 2) 
n fourth = Number of wells that need the base listed in pq( row, 3) 



3_L 



Retrieve all 384 
oligonucleotide 
descriptions 



row = row + 1 
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col 

I 












t 

0 


1 


2 


3 


4 


0 


A 


G 


C 


T 


60 


1 


A 


G 


T 


C 


72 


2 


A 


C 


G 


T 


64 


3 


A 


C 


T 


G 


64 


4 


A 


T 


G 


C 


68 


5 


A 


T 


C 


G 


60 


6 


G 


A 


C 


T 


56 


7 


G 


A 


T 


C 


60 


8 


G 


C 


A 


T 


0 


9 


G 


C 


T 


A 


0 


10 


G 


T 


A 


C 


0 


11 


G 


T 


C 


A 


0 


12 


C 


A 


G 


T 


0 


13 


C 


A 


T 


G 


0 


14 


C 


G 


A 


T 


0 


15 


c 


G 


T 


A 


0 


16 


c 


T 


A 


G 


0 


17 


c 


T 


G 


A 


0 


18 


T 


A 


G 


C 


0 


19 


T 


A 


C 


G 


0 


20 


T 


G 


A 


C 


0 


21 


T 


G 


C 


A 


0 


22 


T 


C 


A 


G 


0 


23 


T 


C 


G 


A 


0 



All 24 permutations of the bases A, G, C 
and T 



Number of cycles (evenly divisible by 4) through 
a given permutation required to synthesize all 
the oligoucleotides. 



Total number of bases deprotected using a 
given permutation. This number must be the 
same for all permutations as they are all 
intended to be used to synthesize the same set 
of oligonucleotides. (It is only here for testing). 
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Sequence 

First Second 
Base Base 
G A 



# of coupling reactions 



First Second 
Base Base 

4 3 



Total 



# of oliqos coupled 



Unique on 
First second 
pass pass 

4 ; 



Total 



(a) 



□ 

a? 

"ft- 



•'■ if p 



Permutations 

First Second 
Base Base 
A A 
G 
C 
T 



A 
A 
A 



G 
G 
G 
G 

C 
C 

c 
c 

T 
T 
T 
T 



A 
G 
C 
T 

A 
G 
C 
T 

A 
G 
C 
T 



# of coupling reactions 



First Second 
Base Base 



Total 



2 
2 
2 
2 

4 
4 
4 
4 

0 
0 
0 
0 

0 
0 
0 
0 



0 
6 
0 
0 

3 
1 
1 
1 

2 
4 
0 
0 

2 
4 

0 
0 



# of oliqos coupled 



Unique on 
First second 
pass pass 

2 0 

2 4 

2 0 

2 0 

4 2 

4 0 

4 0 

4 0 

0 2 

0 4 

0 0 

0 0 

0 2 

0 4 

0 0 

0 0 



Total 



2 
6 
2 
2 

6 
4 
4 
4 

2 
4 
0 
0 

2 
4 
0 
0 



(b) 
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9>0 



I Retrieve all 384 oligonucleotide descriptions 



myjbase = Determine the most prevalent base 

my~base_n = Determine bow many oligonucleotides need the most prevalent t 
Total number of bases counted using this algorithm = my J>ase_n 




True 




5 4 



True 



i<> 1 



False 



False 



I_ 



Add one more element to the thejioating_coupling_order 
array so that it can accommodate~my_base and my_base_n 



the_floating_coupfing_order{i, 1) « my_base 
the_fioating_coupling_order(i,2) = my_base_n 

Create the next deblock description based on myj>ase 

my_base = Determine the most prevalent base 

my_base_n = Determine how many oligonucleotides need the most 



Number of passes required by this sequence = i - 1 
Retrieve all 384 oligonucleotide descriptions 
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Start 




1 


f 


Set up a list of all possible 2-base sequences of the bases A,G,C and T 
This list is stored in the array "my_possibilites" (see figure ») 



pAy-^t° 



5" 



row- 0 
my_max = 0 
my_max row = 0 



n_1 = Number of wells that need the base listed in my_possibilities{ row, 0 ) 
nji = Number of wells that need the base listed in my_possibilities( row, 1 ) 
ASSUMING the base listed in myj>ossibi!ities( row, 0 ) has been 
removed. 

my_possibilities(row, 2) = n_1 + n_2 

if (n_1 + n_2) > myjnax then my_max * (nj + n__2) and rny_rnax__row = row 



fell 




Add orje more element to the the_fioating_coupling_order 
array so that it can accommodate 
my_possibi!ities{ my_max_row, 1), (it can already accomodate 
myj>ossibilities( my_maxjrow, 0)) 



Add twg more elements to the the_fioating_coupling_prder 
array so that it can accommodate 

my_possibilrties( my_max_row, 0)and my_possibflities{ my_max_row, 1) 



thejloabng^couplingjorder (i, 1 ) * myj>ossibi!ities( my_max_row, 0) 
the_floatmg_coupling_order (i + 1,2)= my_possibilities{ my - max_row, 1) 

Create next deblock descnption based on my_possibilrties( my_max_row, 0) 
Create next deblock descnption based on my_possibilities( myjnaxjow, t) 



Number of passes required by this sequence = i 

(zeros will be removed later) 

Retrieve all 384 oligonucleotide descriptions 



e§7 
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(b) 
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Figure 52 



